The establishment of the RALH program at our institution appeared to be associated with equivalent morbidity, post-operative pain, opioid use and length of stay compared to conventional laparoscopy. A surgical learning curve for RALH was observed. Well-designed prospective studies are needed to further evaluate short-and long-term patient function, morbidity, quality of life and oncologic outcomes.
INTRODUCTION
Prospective trials comparing conventional total laparoscopic hysterectomy (TLH) to robotic-assisted laparoscopic hysterectomy (RALH) have failed to demonstrate significant improvements in clinical outcomes in women with benign gynaecologic disease. 1, 2 Although robotic techniques appear to be associated with improved outcomes compared to open surgery in patients with endometrial cancer, 3 data are conflicting when comparing robotic surgery to TLH. 3 Retrospective studies suggest that in patients with endometrial cancers RALH may be associated with a shorter hospital stay, less blood loss and fewer complications compared to TLH. 4 However, in women with benign disease, RALH has not been shown to improve outcomes and is associated with longer operating times and higher cost compared to TLH. 5 The American
Association of Gynecological Laparoscopists 2014 Position
Statement recommended that RALH should not replace TLH or vaginal hysterectomy for benign disease. Robotic-assisted laparoscopic hysterectomy may confer benefits on the gynaecologic surgeon, including three-dimensional vision, wristed instrumentation replicating open surgery, tremor attenuation and improved ergonomics which may reduce fatigue and is less likely to lead to musculoskeletal injuries known to be related to conventional TLH. 7 RALH has previously been shown to be safe and feasible in an Australian setting. 8 In
October 2014, a RALH program was established at St John of God Subiaco Hospital in Perth, Western Australia.
Our objective was to compare outcomes, including postoperative pain, opioid consumption, perioperative morbidity and length of stay, in patients undergoing RALH with a matched cohort undergoing conventional TLH, following the establishment of the RALH program. A secondary aim was to investigate whether there was a surgical 'learning curve' for RALH at our institution.
MATERIALS AND METHODS
A retrospective matched cohort study was conducted. Intraoperative and post-operative complications, up to eight weeks after surgery, and length of hospital stay were noted. The Clavien Dindo classification system for grading surgical complications was used. 9 Pain assessment was measured using a numeric scale whereby patients rated pain on a scale from 0 to 10, 0 being no pain 
Robotic surgical technique
Both operators attended a robotic surgery-training course and were then proctored by experienced robotic surgeons. The study period includes both surgeons' first non-proctored roboticassisted hysterectomies. RALH was performed using the four-arm da Vinci surgical system (Intuitive Surgical, Sunnyvale, CA, USA). A pneumoperitoneum was created using either a Veress needle, or a trocar inserted under direct vision, and CO 2 insufflation. A total of four trocars were inserted with the 12-mm camera port placed either at or above the umbilicus depending on uterine size. The 
Laparoscopic surgical technique
The technique of laparoscopic total hysterectomy has previously been described. 10 
Post-operative care
Clinical post-operative care followed an established care pathway for patients undergoing minimal access surgery, including early feeding and mobilisation, and removal of the indwelling urinary catheter on the first post-operative morning, and was applied to patients undergoing both conventional laparoscopy and RALH.
Statistical analysis
All statistical analyses were performed using the software IBM SPSS Statistics for Windows, version 24 (IBM Corp., Armonk, NY, USA). All variables were assessed for normality using the Shapiro-Wilk test.
An independent t-test was used to compare group differences for normally distributed quantitative continuous variables. The MannWhitney U-test was used to compare group differences for quantitative continuous variables that were not normally distributed. The χ 2 test was used to examine group differences between categorical variables. Statistical significance was set at a P-value of <0.05.
RESULTS

Participant characteristics
A total of 45 women underwent RALH during the study period.
The most common indication for surgery was endometrial cancer. Table 1 shows that there were no differences in age, body mass index and comorbidities between patients who had RALH and conventional TLH. The indications for surgery are shown in Table 2 . 
Operating theatre utility
Intra-operative complications
Two patients in the RALH group and one patient in the control group sustained iatrogenic bladder injuries (P = 0.616). Although there was no significant difference between groups, the total proportion of bladder injuries appears high. This was due to the presence of dense pelvic adhesions in two cases. One patient had an intra-operative blood loss greater than 500 mL during a RALH and required an iron infusion post-operatively due to symptoms of anaemia. There was no difference in intra-operative blood loss between the RALH and control groups and no patients required transfusion (Table 3 ). There were no conversions to laparotomy in either group (Table 3) .
Pain scores, opioid consumption, length of stay and post-operative complications
All patients had a pain score recorded. No significant differences between the two groups were observed in any of these outcomes (Table 3) .
Surgical learning curve
In the RALH group there were significant decreases in mean operating and console times after the first 20 cases. In the current study the mean surgical operating time and mean total time in the operating theatre were significantly longer in patients undergoing RALH compared to TLH. This is consistent with the findings of previous reports that did not demonstrate benefits to patients undergoing RALH compared to TLH. 11, 12 Our results are consistent with the findings of two small prospective studies, and one large retrospective study, in patients with benign disease in which RALH was associated with longer operating times and no significant differences in perioperative outcomes compared to TLH.
There are no prospective studies of RALH in patients with endometrial cancer. The results of two large retrospective studies that compared post-operative pain after RALH and TLH in patients with endometrial carcinoma have been conflicting, 14,15 possibly due to selection bias and participant heterogeneity. In a metaanalysis of patients undergoing surgery for endometrial cancer, TLH was associated with a higher complication rate compared to RALH although the absolute numbers of events in both groups were low. 4 A meta-analysis of 26 non-randomised studies that included more than 4000 patients with early stage cervical cancer showed that perioperative outcomes were no different between RALH and TLH. 16 In the current study, there were no observed RALH, robotic-assisted laparoscopic hysterectomy; TLH, total laparoscopic hysterectomy. BMI, body mass index; RALH, robotic-assisted laparoscopic hysterectomy; TLH, total laparoscopic hysterectomy.
differences between the RALH and TLH groups in post-operative pain at 24 h, or the use of opioid analgesia. Suggested benefits of RALH to the gynaecological oncologist are improved surgical access to para-aortic lymph nodes and to the pelvic lymph nodes in obese patients, but results of prospective randomised trials are awaited.
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A population-based study that included 8313 hysterectomies and compared RALH to TLH and vaginal hysterectomy (VH), found no differences in intraoperative visceral injury, serious post-operative morbidity and hospital readmission rates. 18 Rates of wound infection and blood transfusion were lower in the RALH group but accounting for these benefits, TLH and VH had an average net savings of $3269 per case compared to RALH ($10 160 vs $13 429).
RALH offers potential advantages to the operating surgeon compared to TLH, with armrests in a seated position away from the patient and a less physically stressful surgical technique.
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Studies have also reported robotic surgery to be less likely to lead to wrist, elbow, shoulder, upper back, hip and knee symptoms and injuries. 7 Despite this, robotic surgery has been found to be more likely to lead to finger, eye, neck and lower back injury.
7
Such factors need to be considered in the choice of operative modality and balanced against longer operating times and greater costs associated with robotic surgery.
A 'learning curve' refers to the amount of surgical procedures performed before a surgeon reaches an accepted plateau in outcome parameters such as operating time, blood loss, complication rate, quality of surgery. 20 A learning curve for robotic-assisted surgery defined by the time required of the theatre staff to prepare and activate the elements of robotic equipment (setup time), the time required to complete the robotic portion of the operation (console time) and the number of cases necessary for a surgeon's operative time to stabilise has been described by Lenihan et al. 21 and is considered to be approximately 50 cases. 20, 21 Our findings are consistent with those of two retrospective studies in which a significant improvement in operating time after 20 roboticassisted cases was observed for the subsequent 20 cases 22, 23 and is evidence for a surgical learning curve in RALH. The initial setup time in robotic surgery takes longer than the conventional laparoscopic approach which can largely be overcome by engaging a consistent and committed team of theatre staff; however, there are higher numbers and experience levels of nursing staff required. It is therefore possible that as further experience of RALH is gained at our institution, console and operating times, and total time in theatre, may decrease.
Our study has several limitations that should be acknowledged. The study only reflects the experience of two gynaecologic surgeons at a single private hospital in Western Australia and its findings may therefore not be generalisable. Furthermore, one operator performed 39 of the 45 RALH cases, and the current study may therefore be subject to surgical performance bias. Additional limitations include the potential selection bias inherent in its retrospective design and the short duration of follow up. Both surgeons in the current study had performed over 1000 TLHs prior to the establishment of the RALH program and hence comparing outcomes between the first 45 RALHs to case-matched TLHs is imprecise. Prospective randomised studies with equivalent levels of surgical experience of both procedures are necessary to accurately compare outcomes after RALH and TLH. Strengths of the study are that the participants undergoing RALH represent consecutive surgical cases, reliability of case ascertainment and the matched TLH cohort for comparison.
In summary, the establishment of a RALH program at our institution appeared to be associated with equivalent postoperative pain, morbidity and length of stay compared to conventional laparoscopy, at the expense of longer operating times. Several studies have shown that RALH is more costly than TLH and that the additional expense may not be justified in under-resourced healthcare systems. 24, 25 Well-designed prospective studies are needed which include measurements of morbidity, short-and long-term patient function, quality of life and oncologic outcomes.
